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[571 ABSTRACT 
A system is described for forming hollow spheres con- 
taining pressured gas, which includes a cylinder device 
(14) containing a molten solid material (20) and having 
a first nozzle (18) at its end, and a second gas nozzle (24) 
lying slightly upstream from the tip of the first nozzle 
and connected to a source (26) that applies pressured 
filler gas that is to fill the hollow spheres. High pressure 
is applied to the molten metal, as by moving a piston 
(22) within the cylinder device, to force the molten 
material out of the first nozzle and the same time pres- 
sured gas fills the center of the extruded hollow liquid 
pipe that breaks into hollow spheres (12~). The environ- 
ment (54) outside the nozzles contains gas at a high 
pressure such as 100 atmospheres, the gas is supplied to 
the gas nozzle (24) at a slightly higher pressure such as 
101 atmospheres, and the pressure applied to the molten 
material (20) is at a still higher pressure such as 110 
atmospheres. 
6 Claims, 3 Drawing Figures 
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METHOD AND APPARATUS FOR PRODUCING 
GAS-FILLED HOLLOW SPHERES 
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ORIGIN OF THE INVENTION 
The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; 42 USC 2457). 
CROSS-REFERENCE TO RELATED 
APPLICATIONS 
This is a continuation-in-part of U.S. patent applica- 
tion Ser. No. 284,313 filed July 17, 1981 which is a 
continuation of Ser. No. 37,072 filed May 8, 1979 now 
U.S. Pat. No. 4,279,632, granted July 21, 1981. 
BACKGROUND OF THE INVENTION 
Target pellets to be utilized in nuclear fusion by iner- 
tial confinement, are in the form of very small hollow 
spheres filled with a gas such as a mixture of deuterium 
and trittium. Research indicates that the gases should be 
at a high pressure such as thousands of psi. A system for 
forming such spheres with high pressure gas already in 
them, at a rapid rate, would be of considerable value. 
SUMMARY OF THE INVENTION 
In accordance with one embodiment of the present 
invention, a system is provided for producing hollow 
spheres that are prefilled with a gas at high pressure. An 
apparatus for producing such spheres includes a cylin- 
der device containing molten solid material and having 
a nozzle at its end, and a second gas nozzle lying in the 
cylinder near the first nozzle and aligned with it. A 
pressurizing source such as a piston or pressured gas is 
applied to the molten material to force it out of the first 
nozzle, while gas at high pressure is applied to the gas 
nozzle to flow along with the extruded solid material to 
form a continuous hollow tube that quickly breaks up 
into hollow gas-filled spheres. The environment outside 
the first nozzle is at a high pressure comparable to that 
of the high pressure gas applied to the gas nozzle, while 
an even higher pressure is applied to the molten mate- 
rial. 
The novel features of the invention are set forth with 
particularity in the appended claims. The invention will 
be best understood from the following description when 
read in conjunction with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a sectional side view of an apparatus for 
forming gas-filled hollow spheres in accordance with 
the present invention. 
FIG. 2 is an enlarged sectional view of the nozzle of 
the apparatus of FIG. 1. 
FIG. 3 is a partial sectional view of an apparatus for 
forming gas-filled hollow spheres, which is constructed 
in accordance with another embodiment of the inven- 
tion. 
DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
FIG. 1 illustrates an aDDaratus 10 which Droduces 
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hollow spheres 12 that are-illed with pressured gas, and 65 
that are suitable for further processing into pellets used 
in nuclear fusion by inertial confinement. The apparatus 
includes a cylinder device 14 having an end 16 and a 
2 
nozzle 18 at the end. The cylinder device contains a 
material 20 which is solid at room temperature but 
which has been heated to a viscous liquid or plastic 
state, and which may be referred to as a molten solid 
material. A piston 22 lying in the cylinder device can be 
forced through it to extrude the molten solid material 
through the nozzle 18. 
A second or gas nozzle 24 lies within the cylinder 
device 14, within the nozzle 18 thereof, and is aligned 
with the nozzle 18. The gas nozzle 24 is connected to a 
gas source 26 that contains pressure gas. A valve 28 that 
controls the flow of gas to the gas nozzle 24, flows the 
gas out of the nozzle, so that it flows along with the 
extruded molten material to form a gas-filled pipe 30 of 
molten material. 
The piston 22 is forced downwardly by a motor 32 
that is coupled to the piston, as through a gear con- 
nected to a rack on the rod of the piston, to move down 
the piston 22 at a constant rate. The gas valve 28 is also 
maintained constantly open during extrusion of a gas- 
filled tube, so that the tube 30 flows continuously out of 
the nozzle 18. Where a continuous narrow diameter 
tube 30 flows out of the nozzle, such a tube breaks up 
into hollow bodies 12a that form the final glass spheres 
12 produced by the apparatus. 
Studies conducted on the requirements for fusion 
pellets, show that high gas pressures on the order of 
several thousand psi should be utilized. This is accom- 
plished in the apparatus of FIG. 1 by utilizing an enclo- 
sure 34 that encloses the area outside the first nozzle 18, 
so that a high pressure environment can be maintained 
in the region which receives the hollow tube 30 and the 
hollow spheres into which it breaks up. A source 36 of 
relatively inert gas such as nitrogen is connected 
through a valve 38 to the enclosure 34 to maintain the 
high pressure therein. A sensor 40 is connected to the 
enclosure to sense when the pressure drops below a 
predetermined level, to then open the valve 38 to admit 
additional gas from the high pressure source 36 to main- 
tain the desired high pressure in the enclosure 34. The 
source 26 for the filler gas that fills the hollow spheres, 
is maintained at a predetermined pressure by connecting 
a high pressure source 42 through a valve 44 to the filler 
gas source 26, and by utilizing another sensor 46 which 
monitors the filler gas pressure and opens the valve 44 
to increase that pressure when it drops below a preset 
level. The pressure applied by the piston 22 to the mol- 
ten material 20 is controlled by the current applied to 
the motor 32, which can be easily maintained at a prede- 
termined level. 
The apparatus 10 is operated by lifting the cylinder 
and then opening a valve 50 to apply molten material 
from a supply 52 to fill the cylinder device 14. The 
motor 32 is then energized, and the filler gas valve 28 is 
opened to begin the extrusion of the hollow pipe 30. 
The pressure of the environment 54 within the enclo- 
sure 34 is maintained at a predetermined level which 
equals the gas pressure to be contained within the hol- 
low spheres 12, such as a pressure of 100 atmospheres. 
The pressure of filler gas supplied by the filler gas 
source 26 to the gas nozzle 24 is at a slightly higher 
pressure such as 101 atmospheres. The pressure applied 
by the piston 22 to the molten material 20 is at a higher 
level than either of the gas pressures, such as at a level 
of 110 atmospheres. Basically, the pressure applied to 
the bath of molten material 20 is high enough to posi- 
tively extrude it through the first nozzle 18. The filler 
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gas is then dragged along with the extruded molten 
material to fill the center of it. 
It has been found that the application of a constant 
pressure of molten material in the bath 20 and a constant 
pressure of filler gas from the source 26 produces a tube 5 Pressured gas, comprising: 
30 that quickly breaks up into spheres of uniform size 
and that are of closely spherical shape with their inside 
intended that the claims be interpreted to cover such 
modifications and equivalents. 
What is claimed is: 
1. Apparatus for forming hollow spheres containing 
a cylinder device having an end, and having a first 
at said end: 
and outside surfaces substantially concentric. Earlier 
experiments utilized vibrations to center the inner and 
outer surfaces of the hollow sphere, but more recent lo 
tests have shown that the spheres tend to be formed 
with concentric inner and outer surfaces as well as of 
uniform size, by utilizing continuous quiescent condi- 
tions without disturbances. The enclosure 34 not only ,5 
contains high pressure gas, but also avoids uncontrolled 
winds and the like that would disturb the uniformity of 
the process. 
In the construction of hollow spheres containing 
pressured gas, the tiny spheres at 12a are quickly cooled 20 
to a solid temperature by the time they drop to the 
bottom of the enclosure 34. The spheres at 12 are then 
ready for further processing, as for inspection and for 
the reception of a coating. 
hollow gas-filled spheres, wherein the molten solid 
material u1 is pressurized by a high pressure source 62 
instead of a piston. The pressure source 62 receives 
presure from a high pressure source 64 through a valve 
66. A sensor 68 senses the pressure applied to the molten 30 
material, to open the valve 66 whenever the pressure 
above the molten material drops below a predeterined 
level. A check valve 70 permits the escape of gas from 
the source 62 whenever it exceeds a predetermined 
level. Otherwise, the apparatus is similar to that of FIG. 35 
1. Pr 
Thus, the invention provides a system for forming 
hollow spheres containing pressured gas, which can 
form large numbers of such spheres at relatively low 
cost. This can be accomplished by providing a gas noz- 
zle in alignment with a molten material-extruding noz- 
zle to extrude a hollow tube that breaks up into spheres. 
The environment outside the nozzles can be maintained 
at an elevated pressure above atmospheric, to enable the 45 
containment of a high gas pressure in the molten hollow 
spheres while the molten material is hardening. The 
pressure applied to a bath of molten material leading to 
the large nozzle, is at a higher pressure than that applied 
to the filler gas source or the environment following the 50 
nozzles, so that the filler gas moves along with the 
molten material. The high pressure environment is 
maintained in a quiescent state and it is found that the 
hollow tube breaks into uniformly sized hollow spheres 
with substantially inner and outer spherical surfaces. 
Although particular embodiments of the invention 
have been described and illustrated herein, it is recog- 
nized that modifications and variations may readily 
occur to those skilled in the art and consequently, it is 
FIG. 3 illustrates another apparatus 60 for producing 25 
40 
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a second gas nozzle lying in said cylinder near said 
end thereof and directed in line with said first noz- 
zle; 
a gas source connected to said gas nozzle to supply 
pressured filler gas thereto; 
means for supplying a molten solid material to said 
cylinder device to flow out of said first nozzle; 
walls forming an enclosure around an area outside 
said first nozzle; and 
means for maintaining an environment gas at a prede- 
termined pressure of a plurality of atmospheres in 
said enclosure; 
said means for supplying molten material applying a 
pressure to said molten material which is greater 
than the pressure of said filler gas supplied by said 
source and the pressure in said enclosure, whereby 
to produce a molten gas-filled tube that can break 
up into hollow sphere-like pieces. 
2. The apparatus described in claim 1 wherein: 
said means for applying material includes a piston 
closely received and moveable within said cylinder 
to force said molten material out of said first noz- 
zle, and means for moving said piston. 
3. The apparatus described in claim 2 wherein: 
said means for moving said piston advances it at a 
constant speed, whereby to produce a continuous 
hollow tube from said first nozzle. 
4. A method for forming hollow spheres containing 
essured gas comprising: 
forcing a continuous stream of molten material out of 
a first nozzle and into a pressured environment by 
applying a high pressure to said molten material at 
a location upstream from said first nozzle; 
flowing a filler gas through a second nozzle which is 
aligned with said fust nozzle by applying a high 
pressure to said filler gas at a location upstream 
from the tip of said second nozzle; and 
allowing the continuous stream flowing out of said 
first nozzle to break up; 
said step of applying a high pressure to said molten 
material including applying a pressure greater than 
said pressure applied to said filler gas. 
5. The method described in claim 4 wherein: 
said step of applying a high pressure including mov- 
ing a piston at a constant speed against a quantity 
material lying behind said nozzle. 
6. The method described in claim 4 including: 
maintaining the environment outside said first nozzle 
substantially free of wind, whereby to avoid defor- 
mations that detract from concentricity and sphe- 
ricity of the hollow spheres. * * * * *  
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